Sudden cardiac death (SCD) is one of the most debilitating and life-threatening complications of heart failure (HF) which has challenged medical care for long. Current guidelines suggest the use of Implantable Cardioverter Defibrillator (ICD) in primary prevention of SCD in both New York Heart Association (NYHA) class II and class III heart failure. This paper critically evaluated the evidence underlying the guideline recommendation. In contrast to recent guidelines, the majority of the intervention trials conducted on the topic till date found a promising role of ICD only in the prevention of SCD in NYHA class II HF. One of the trials which found a significant role of ICD in type III heart failure was underpowered. Thus, further trials are needed to validate the use of ICD in the prevention of SCD in type III HF.
Introduction
Clinically, heart failure (HF) is defined as a syndrome characterized by some cardinal features (breathlessness, peripheral edema, etc.) due to a functional or structural abnormality of the heart, established by echocardiographic evidence, particularly as a reduction in ejection fraction (LVEF) [1] . The European Society of Cardiology (ESC) included an additional criterion in the definition and that is, the response to treatment directed towards heart failure in case of doubtful diagnoses [2] . HF is generally considered as a chronic condition traditionally resulting from left ventricular dysfunction with reduced LVEF (≤40%), which can be distinguished from a small proportion of HF with preserved EF (HF PEF) [3] . HF is a major public health issue with substantial mortality and morbidity which also poses a challenge to clinical diagnosis and generally affects the older segment of the population [4] [5] . Various clinical conditions including ischemic and non-ischemic heart diseases, metabolic and endocrine diseases, infectious and chronic diseases, use of cardiac and non-cardiac cardiotoxic drugs are some of the common factors causing HF [6] - [11] . The prevalence of HF has an increasing trend with 23 million people worldwide being affected in 2011 alone [4] . Framingham study indicated doubling of the incidence of HF with each increasing decade of age [12] . Various population-based studies including the Framingham study, RochesterEpidemiology project and studies done by Cowie et al., Remes et al. found that the incidence rate of HF is around 1-4/1000 among the whole population and up to 16/1000 among those >65 years of age [1] [8] . Men are more frequently affected compared to the females [2] . The lifetime risk of developing HF is calculated to be 1 in 5 [4] . HF is also associated with high rates of hospitalization, readmissions, outpatient visits and health care cost [4] . In the early 90s, HF was the single leading cause of hospitalization and accounts for 0.2% of the admissions per annum in the European countries and has reached an epidemic proportion in many countries globally [1] [8] [12] . However, in the recent era with the development of newer and effective treatment strategies, there has been a relative reduction in hospitalization rate due to HF by 30% to 50% along with a slight decrease in mortality [1] . It is also associated with a significant portion of healthcare cost globally and exceeds $39 billion/year in the US only [4] . The increasing prevalence of HF coupled with its substantial impact on healthcare cost and quality of life is a major public health problem globally and emphasizes the need for better and effective preventive strategies for the management of HF.
New York Heart Association (NYHA) Classification of HF
The NYHA classification is one of the most commonly used classification of HF, which is a functional classification based on patient's limitation in physical activity/exertion caused by cardiac symptoms are given in Table 1 [13] . [16] . Another study found a fivefold increased risk of SCD in HF patients [8] [15] . SCD can be defined as an unexpected natural death occurring within a short period of time, generally ≤1 hour from the onset of symptoms, usually due to cardiac causes in a person without prior fatal condition [17] . Degeneration of monomorphic ventricular tachycardia (VT) into ventricular fibrillation (VF) accounts for the majority of causes of SCD [18] . To complicate it all, VT has been documented in 85% of patients with HF especially those with LVEF ≤ 30% to 35% [18] [19]. Thus, there is a large segment of HF patients who are at risk of SCD resulting from ventricular arrhythmia which necessitates the need to focus on prevention of SCD in HF patients. The initiation of SCD in HF patients is a complex interplay and delicate balance of various underlying phenomenon including anatomic and functional cardiac substrates, transient initiating events (electrolyte, drug, stress, etc.) on the various cellular electrical circuits including prolonging action potential, delayed repolarization, reentry circuits and so on [17] . Though the mortality rate of HF increases with increase in NYHA classes but surprisingly the highest proportion of SCD is among those with less severe HF (NYHA class II and III) [18] . The risk of SCD among the NYHA class II, III, and class IV is 64%, 59% and 33% respectively [19] . Most of the patients who suffer from SCD do not have any antecedent arrhythmia necessitating the need to focus on primary prevention of SCD. The traditional antiarrhythmic medications are not completely able to abort the SCD [20] . Studies including AVID, CIDS, CASH, etc. demonstrated the superiority of implantable cardioverter defibrillator (ICD) over antiarrhythmic medications [21] . Bardy et al. found a 23% reduced overall mortality in HF patients using ICD [22] .
Implantable Cardioverter Defibrillator (ICD)
ICD is a battery-operated device, which is placed in a pouch under the skin of chest, abdomen or collar bone and has a battery unit, which generates the pulse and 1 or 2 lead(s) placed in right ventricle &/or right atrium, which communicates between heart & device [23] .
ICD regularly monitor heart rate and rhythm and provides defibrillatory shocks or overdrive pacing in case of an abnormal or chaotic heartbeat to terminate the arrhythmia [1] [22] [24] . The role of ICD in primary prevention of SCD depends on the severity and the etiology of left ventricular (LV) dysfunction (e.g. ischemic vs. non-ischemic) [24] .
In spite of the potential role of ICD in HF, it is associated with around 25% chance of complication over a period of 5 years [25] . Significant complications associated with ICD include procedure related complications, failure of ICD therapy, myocardial damage by shock, inappropriate shock, psychological issues and so on [25] . Thus, there is a critical balance in the risk-benefit ratio associated with the use of ICD in primary prevention of SCD in HF patients requiring better risk stratification. In this write up we are focusing critically on the evidence underlying the use of ICD in primary prevention of SCD for NYHA class II and III HF. Various randomized controlled trials that have been done in this regard are discussed based on the etiology of LV dysfunction.
Current Guidelines

Available Trial Evidence a) Ischemic Cardiomyopathy (CM) 1) Late post-myocardial infarction (MI) trials
These are a group of trials, which enrolled patients more than 4 to 6 weeks post-MI (Table 2 ). These include-• MADIT-1 trial [29] -This trial looked at the high-risk asymptomatic patient's ages 25 to 80 years, mostly males with prior MI, non-sustained VT, LVEF < 35% or inducible sustained VT even after antiarrhythmics [29] . This trial did not differentiate between class II and III HF. The primary outcome was all-cause mortality. There was no control group, no fixed antiarrhythmic, a crossover between the arms and imbalance of antiarrhythmic between the two groups. Over 27 months of follow-up, there was a decrease in mortality in ICD group with a hazard ratio (HR) of 0.46 (0.26 to 0.82) with most of the benefits seen in select high-risk groups with LVEF < 26% & prolong QRS [29] .
• MADIT II trial [30] -In contrast to MADIT I, this trial was a multicenter, randomized, unblinded trial which enrolled 1232 patients, mostly males, >21 years of age, who had prior MI and LVEF ≤ 30% [30] . This trial included high-risk patients with advanced left ventricular dysfunction and excluded all patients meeting MADIT I criteria. During the follow-up of average 20 months, there was a decrease in all-cause mortality in ICD arm for combined NYHA classes with a HR of 0.69 (0.5 to 0.93). There were more ICD related hospitalization and inappropriate shocks delivered [31] . Though not powered to look at the incidence of SCD alone but one study found that the decrease in mortality seen in this trial was entirely due to the reduction in SCD (3.8% vs. 10%) [32] . The benefit for NYHA class II and III were not studied individually [24] .
• MUSTT trial [33] -This multicenter trial was not designed as a trial par say and was mostly looking at the management role of electrophysiological study (EPS) [33] . Patients with LVEF ≤ 40%, inducible sustained VT or asymptomatic non-sustained VT was enrolled and later on randomly assigned to medical treatment or EPS guided antiarrhythmic treatment including ICD [33] . For a follow-up of 39 months, there was a reduction of SCD or arrhythmia in ICD arm with an RR of 0.24 (0.13 -0.45). No subgroup analyses of NYHA classes were done.
• SCD-HeFT trial [22] -This is the largest ICD trial to date involving the current symptomatic HF patients at entry with NYHA class II or III HF, reduced LVEF ≤ 30% and CHF within 3 months of randomization into ICD or Amiodarone or placebo arm [22] . Most of the patients were males, 70% in NYHA class II and 30% in NYHA class III. Over a five years follow-up, it was found that there was a 23% reduction in the primary endpoint of total mortality in ICD arm equating to 7% absolute risk reduction. The HR for NYHA class II was 0.54 (0.4 to 0.74) and that for NYHA class III was 1.16 (0.84 to 1.61). There was significant mortality benefit from ICD use for NYHA class II only with no associated adverse effect seen from ICD use [22] .
2) Early post-MI trials [35] [38]
• Two trials DINAMIT and IRIS evaluated the prophylactic use of ICD in the first week following MI. In both these trials, there was no difference in all-cause mortality between ICD and medical therapy but there was a high incidence of non-SCD indicating that ICD implantation in early post-MI may actually impose additional risk in HF patients. b) Non-ischemic dilated cardiomyopathy (DCM) HF is also common in non-ischemic DCM patients. The following trials looked at the survival benefit of ICD as a primary prevention for non-ischemic CM.
• CAT & AMIOVIRT trials [34] [36]-Cardiomyopathy trial & Amiodarone versus ICD trial (AMIOVERT) looked at a small number of patients with LVEF ≤ 35%, where all-cause mortality was compared between ICD & Amiodarone arm. No significant benefit was detected for ICD therapy.
• DEFINITE trial [37] -Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation (DEFINITE) trial evaluated the efficacy of ICD plus medical therapy versus medical therapy alone in reducing all-cause mortality in patients with reduced LVEF ≤ 35% and non-sustained VT and 70% of the patient were male. There was a non-significant decreasing trend in mortality with a significant reduction only in NYHA class III HF with HR 0.39 (0.15 -0.90).
• SCD-HeFT [22] -As previously mentioned, it was found to be beneficial in NYHA class II with no significant benefit seen in class III HF patients.
Discussion
There have been various trials that looked at the efficacy of ICD in HF patients with different cardiomyopathies. Trials done so far on the data from various trials indicate that there is some definite mortality benefit with ICD implantation in 4 -6 weeks post-MI patients with ischemic CM and very low ejection fraction. The same effect was not seen for ICD implantation in early post-MI in ischemic CM patients. Most of the trials except SCD-HeFT, done on ICD implantation in non-ischemic dilated CM found no significant association between ICD implantation & risk of SCD. Although majority of the trials did not differentiate between type II and type III HF, but they all included a significantly higher percentage (60% or more) of type II HF. One of the trials by Bardy et al found a significant reduction in SCD for type II HF and no effect for type III HF [22] . Thus, the mortality benefit of ICD seen in various trials is mostly validated for patients with type II HF. However, an underpowered sub-analysis done by Kadish et al found a significant mortality benefit for type III HF that emphasizes the potential for ICD in these patients [37] . As such, there is a need to critically evaluate the current evidence as well as conduct new trials to mandate the current guidelines for ICD use for the primary prevention of SCD in both NYHA class II & III HF. Various other factors that need to be considered includea) Evidence related to trial design and implementation:
Almost all of the trials had a primary endpoint of reduction of all-cause mortality and hence, were possibly underpowered to look at SCD as a separate entity. More than 70% to 80% of the participants in most of the trials were males of the varied age range, which might reduce the generalizability of the results. As per ESC guideline, one of the selection criteria for ICD implantation is that the patients should be symptomatic.
However, none of the other trials except the SCD-HeFT included symptomatic patients.
There is a source for potential selection bias especially in MADIT I trial, where based on selection probability there is a chance of biasing the result towards ICD arm. In SCD-HeFT trial it was found that there was a five and two-fold chance of increased mortality in spite of appropriate and inappropriate shock delivered by ICD respectively [22] . This indicates the existence of competing for risk, which portrays that if SCD is reduced there is increased risk of other cause of heart failure related death. Trials have found that if the true benefit observed is similar to SCD-HeFT and persist beyond five years then the cost of primary prevention with ICD therapy is acceptable [39] . Most of the ICD effectiveness was seen with the use of single chamber devices. However, a significant proportion of ICD currently used is dual chamber [24] [29] . It was seen that right ventricular apical pacing in ICD recipients might actually result in ventricular asynchrony, worsening of left ventricular function & HF. The worse outcome has been seen in patients who experienced ICD shock emphasizing the need for co-administrated optimal medical therapy. Besides, ICD has some other procedure related complications.
Thus, based on evaluation of all the trials, there are evidence for mortality benefit for primary prevention of SCD for NYHA class II but no significant benefit found for class III. So, the recommendations of ICD for primary prevention of SCD in NYHA class III requires more evidence and exact risk and benefit characterization.
Conclusion
LV dysfunction is on a rising trend worldwide and almost approaching an epidemic and exerting an enormous pressure on the healthcare system. This is challenged by the increasing prevalence of SCD in HF patients, particularly in NYHA class II & III. Though there is a need for further research for the detection of mortality benefit for NYHA class III, ICD implantation was found to be beneficial in NYHA class II for the primary prevention of SCD. So, overall choice of ICD implantation should be based on available evidence, proper patient selection considering risk-benefit ratio, cost effectiveness and above all the patient preference.
